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Abstract
Context. It is increasingly suspected that R Coronae Borealis (RCB) stars - rare hydrogen-deficient and carbon-rich supergiant stars
- are the product of mergers of white-dwarfs in the intermediary mass regime (0.6 < MTot < 1.2M). They show a wide range of
effective temperatures and chemical abundances.
Aims. Only 78 RCB stars are currently known in our Galaxy while up to 1000 were expected. It is necessary to find more of these
peculiar and diverse stars to understand their origin and evolutionary path. We are undertaking such a dedicated search. We plan to
follow up spectroscopically 2356 targets of interest that were carefully selected using the all sky 2MASS and WISE surveys. They
have similar brightnesses and shell temperatures to known RCB stars and only a spectrum can reveal their real nature.
Methods. We have observed nearly 500 of these targets using optical low-resolution spectrographs. These spectra were compared to
synthetic spectra from a new grid of MARCs hydrogen-deficient atmospheric models. Classical RCB stars’ photospheric temperatures
range mostly from 4000 K to about 8500 K, and therefore their spectra look very different showing the presence of carbon molecules
C2 and CN up to ∼6800 K and solely atomic absorption lines above that. From the study of both observed and synthetic spectra, we
have put in place a series of criteria to distinguish RCB stars from other AGB carbon-rich stars, mainly using estimates of the C/N
ratio and 13C strength, intensities of potential Balmer lines, and estimates of Teff using the Ca II triplet lines strength.
Results. We found 45 new RCB stars, including 30 Cold (4000 < Te f f < 6800 K), 14 Warm (6800 < Te f f < 8500 K) and one hot
RCB (Te f f > 10000 K). Forty of these belong to the Milky Way and five are located in the Magellanic Clouds. We also confirmed with
the same spectroscopic method that the long lasting candidate KDM 5651 is indeed a new Magellanic RCB star, increasing the total
number of Magellanic Cloud RCB stars to 30. Our method is particularly efficient at detecting Warm RCB stars as we have increased
their number by a factor 4.
Conclusions. We have increased by ∼50% the total number of RCB stars known, now reaching 147. We also include a list of 14
strong RCB candidates, most certainly observed during a dust obscuration phase. From the detection efficiency and success rate so
far, we estimate that there should be no more than 500 RCB stars/HdC stars in the Milky Way.
Key words. Stars: carbon - AGB and post-AGB - supergiants - circumstellar matter - Infrared:stars
1. Introduction
R Coronae Borealis (RCB) stars are rare hydrogen-deficient and
carbon-rich supergiant stars that are increasingly suspected of
resulting from the merger of two white dwarfs (one CO- + one
He-WD) (Clayton 2012). They are therefore the favoured candi-
dates to be the lower mass counterpart of supernovæ type Ia ob-
jects in a DD scenario (Fryer & Diehl 2008; Diehl et al. 2008).
Our goal is to test this hypothesis by increasing the numbers of
known RCB stars and consequently studying their sky distribu-
tion and formation rate. Then further studies on their peculiar
and disparate atmosphere composition and on their immediate
circumstellar environment would allow us to give some strong
constrain on their origin and evolution.
The datasets produced by the all-sky near- and mid-infrared
(IR) 2MASS and WISE surveys were used by Tisserand (2012)
Send offprint requests to: Patrick Tisserand; e-mail:
tisserand@iap.fr
and the subsequent Tisserand et al. (2018) (named hereafter
T18a) to pre-select a list of stars that possess similar IR spectral
energy distributions (SEDs) to those of known RCB stars. Out of
a total of more than 500 millions objects catalogued, only 2356
targets of interest (ToI) were thus selected. The analysis and de-
tailed discussion of all selection criteria applied are described
in T18a, sect.3. They demonstrate a convincing ∼85% detection
efficiency when exercised on known RCB stars. Each ToI was
also classified in one of five prioritisation categories that were
defined to better orientate and optimise the spectroscopic follow-
up, as only a few known RCB stars were found in some area of
IR colour-colour diagrams that are highly populated with other
dust-producing stars. The most promising targets are included
in #1 and #2 categories. One can expect to find new RCB stars
with the highest success rate (in terms of telescope time spent
on the follow-up). They contain overall only 785 and 53 objects
from the Milky Way and Magellanic Clouds, respectively. Many
new classical RCB stars, as we know them, are expected to be
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found within these categories. However rarer RCB stars, with
very little dust or conversely with a highly enshrouded and cold
photosphere, should be found in the remaining three categories.
They are interesting as they probably correspond to some special
and rapid phases of RCB evolution.
We report here on the spectroscopic observations and analy-
sis made of nearly 500 ToIs, i.e., a fifth of all ToI selected. The
choice of targets was made nightly depending on their bright-
ness, the observable sky area and then their follow-up priority
classification. Table 1 summarises the numbers of ToI observed
in each category. No ToI were observed in category #4 as they
were often too faint. However, we obtained conclusive spectra
for ∼39%, ∼8% and ∼25% of all objects classified respectively
in the first three most interesting categories.
Finding new RCB stars based only on the analysis of their
spectra using a dedicated survey has never been accomplished
on such a scale. For most RCB stars the majority opacity source
in the photosphere is carbon, and the most abundant element,
helium, is difficult to measure accurately (Asplund et al. 2000;
Jeffery et al. 2011). We had to define some pragmatic criteria
using spectra of known RCB stars, having similar resolutions,
and also a series of hydrogen-deficient synthetic spectra to study
the influence of effective temperature (Teff) and the C/N abun-
dance ratio. During its short lifetime, which is estimated to last
about 105 years (Saio & Jeffery 2002), an RCB star is expected
to cross the HR diagram from a cold to a hotter state as its at-
mosphere contracts. Therefore, there exists a large variety of op-
tical spectra that can define an RCB star. Most of the known
RCB stars have an Teff between 4000 and 8500 K. However,
a few were also found to be hotter (> 12000 K). We have de-
fined four groups within each of which we have defined spe-
cific spectroscopic selection criteria. The first two are the Cold
and Warm stars, which cover the classical range of RCB stars
Teff but separate the stars which are cold enough to show car-
bon molecular features (Te f f <6800 K), from the warmer stars
where only atomic lines are observable. The third group targets
the hot RCB stars that present spectra with very strong and wide
emission lines. Last is the group of classical RCB stars that were
observed during an obscuration event due to a thick dust cloud
emitted along the line of sight. Spectra of this fourth group of
stars show faint emission lines, invisible when the stellar contin-
uum is bright (Clayton 1996).
Information on photometric variability was also used when
available. Light curves can be very helpful to remove ToI that
show the clear oscillations typical of Mira-type stars. These ob-
jects are found mainly in category #3. The spectra and light
curves for each ToI that we studied are available on a dedi-
cated website: http://rcb.iap.fr/trackingrcb/. The information on
the website is updated regularly to help others follow-up ToI
where little or no information has been obtained yet.
In Section 2, we describe the new spectra, the light curves,
and the models used. The analysis of the spectra and the selec-
tion criteria defined for each of the four groups of RCB stars
targeted are discussed in Section 3. In Section 4, we explore the
spatial distribution of the new RCB stars and of the remaining
ToI, and then we estimate the total number of RCB stars in the
Milky Way. We also discuss the status of previously known RCB
candidates. Finally, we summarise our results in Section 5.
2. Spectroscopic data, light curves, and models
The spectroscopic follow-up was predominantly conducted
with the Wide Field Spectrograph (WiFeS) instrument (Dopita
et al. 2007) attached to the 2.3 m telescope at Siding Spring
Table 1: Priority classification of the WISE Target of Interest
followed-up spectroscopically (see Tisserand[ref section] for a
summary of the prioritisation process)
Priority Id ToI Ids Nb Galactic ToI Nb Magellanic ToI
for follow-up Galactic, (with conclusive spectra)
Magellanic (Clear Non-RCB light curve variability)
New RCB stars / Candidates
1-1000, 329 46
1 5001-6000 (135) (10)
(6) (19)
31 / 13 4 / 0
1001-2000, 456 7
2 6001-7000 (36) (1)
(12) (5)
6 / 0 1 / 0
2001-3000, 987 18
3 7001-8000 (248) (8)
(143) (1)
1 / 0 0 / 0
3001-4000, 247 51
4 8001-9000 (0) (0)
(7) (12)
0 / 0 0 / 0
4001-5000, 175 40
5 9001-10000 (41) (9)
(18) (11)
0 / 1 0 / 0
No Id − −
(−) (−)
(−) (−)
2 / 1 0 / 0
2194 162
Total (460) (28)
(186) (48)
40 / 15 5 / 0
Observatory of the Australian National University. WiFeS is an
integral-field spectrograph permanently mounted at the Nasmyth
A focus. It provides a 25′′ × 38′′ field of view with 0.5 arcsec
sampling along each of the twenty-five 38′′×1′′ slitlets. The vis-
ible wavelength interval is divided by a dichroic at around 600
nm, feeding two essentially similar spectrographs. The spectra
have a two-pixel resolution of 2 Å and large wavelength cover-
age, from 340 to 960 nm. We observed 415 targets with WiFeS
during eight observational runs: 20-25 July 2011, 4-7 June 2012,
23-25 July 2012, and 1-3 August 2012, 23-30 July 2013, 15-18
and 24 August 2013, 21-26 July 2016 and 11-16 March 2017.
We also observed 61 targets with the Goodman spectrograph1
mounted on the 4.1m Southern Astrophysical Research (SOAR)
telescope located at Cerro Pacho´n, Chile on 6-8 July 2013. The
600 l/mm grating was used to achieve a 1.3 Å two-pixel resolu-
tion with a 435-702 nm wavelength coverage using the GG-385
blocking filter. All of the data were reduced using the spectral
reduction package FIGARO. The telluric lines were removed us-
ing the IRAF task TELLURIC and standard stars observed dur-
ing our runs. We also observed 7 targets in automatic mode with
the FRODOSpec2 instrument mounted on the 2m Liverpool tele-
scope at the Observatorio del Roque de los Muchachos. Using
the low-resolution gratings, FRODOspec can obtain the spectra
of northern targets between 390 and 940 nm with a two-pixel
1 URL: http://www.ctio.noao.edu/soar/content/goodman-
spectrograph-overview
2 URL: http://telescope.livjm.ac.uk/TelInst/Inst/FRODOspec/
2
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resolution of 4 Å. Six Magellanic targets were observed with the
AAOmega double-beam multi-fibre spectrograph (Sharp et al.
2006) mounted on the 3.9m Anglo Australian Telescope (AAT)
at Siding Spring Observatory (SSO) as part of the observational
campaign by (Kamath et al. 2014, 2015).
The photometric data accumulated by monitoring surveys
are also of great importance for our search as RCB star light
curves are known to show characteristic photometric patterns.
Indeed, RCB stars are famously known to go under unpre-
dictable fast and deep declines in brightness due to newly formed
dust clouds that obscure the photosphere (up to 9 magnitudes in
V band) in only 2 or 3 weeks. The photosphere usually reappears
slowly after few months when the dust grains disperse due to ra-
diation pressure. However, in some cases, continual dust forma-
tion can also keep the star in a deep decline for many years. If
such a fast and deep decline was observed for an RCB star candi-
date that presents carbon rich spectra, we used this information
to strengthen our decision on its RCB nature. Furthermore, light
curves allowed us to remove some targets from the candidate list
for the spectroscopic follow-up, as we found them to show pho-
tometric periodic variations typical of Mira and RV Tauri stars.
This knowledge allowed us to make more efficient use of the
telescope time.
Here is the list of monitoring surveys whose data were used
for the present analysis: OGLE3 (Udalski 2003), CRTS4 (Drake
et al. 2009), ASAS5 (Pojmanski 1997) and the Bochum survey
(Hackstein et al. 2015). The OGLE light curves of some new
RCB stars presented in this article are published in a dedicated
article, Przmek et al., 2019.
Finally, we used a grid of hydrogen-deficient and carbon-rich
MARCS atmospheric models for various Teff (from 4000 to 7500
K), surface gravities (logg = 0.5 or 1.0) and nitrogen abundances
([N] 7.0 to 9.4) (Gustafsson et al. 2008). We then created syn-
thetic spectra using the Turbo spectra program (Alvarez & Plez
1998; Plez 2012) and the Vienna Atomic Line Database (VALD)
(Ryabchikova et al. 2015) for information on atomic and molec-
ular transition parameters.
3. Analysis
First and foremost, we searched for our 2356 ToI in the database
of the monitoring surveys listed above. We found that light
curves were available for 510 of them (394 Galactic and 116
Magellanic ToIs), and that 234 show typical photometric oscil-
lations of large periodic variable stars such as Miras (226) and
RV Tauri stars (8). We therefore did not observe these ToI spec-
troscopically to save telescope time6.
We have obtained spectra of 488 targets. Among them, we
immediately recognised and discarded 263 stars that present un-
wanted spectra. Among them, 189 presented spectra of oxygen-
rich M stars, i.e., the variable Mira stars, with typical wide ab-
sorption features due to the TiO and VO molecules. The large
majority of these discarded stars belong to priority group #3
(see Table 1). Their number is lower toward the Magellanic
Clouds because of the special selection criteria based on the
K vs J-K HR diagram, implemented early on to remove most
Magellanic Mira-type objects (see cut #5 in T18a). Another 74
3 Optical Gravitational Lensing Experiment, URL:
http://ogle.astrouw.edu.pl/
4 Catalina Real-Time Transient Survey, URL: http://crts.caltech.edu/
5 All Sky Automated Survey, URL: http://www.astrouw.edu.pl/asas/
6 except for 35 ToI as the spectroscopic follow-up was done preced-
ing the photometric information availability
were also found to have spectra of hot, hydrogen rich stars. All
of these rejected stars are listed in our dedicated search website:
http://rcb.iap.fr/trackingrcb/.
To search for new RCB stars among the remaining spectra
collected, we had to sort the ToI spectra into four groups, as RCB
stars can present a variety of optical spectra. Classical RCB stars
are known to possess a wide range of Teff , from about 4000 to
8500 K, as they evolve through the HR diagram. Indeed, below
∼6800 K, one can clearly observe some large absorption fea-
tures due to the C2 and CN molecules present in the atmosphere
(see Figs. 1, 2 and 3). These features strengthen with lower
Teff . Above the temperature threshold, none of these molecules
subsist and the spectra consist of a series of atomic absorption
lines (Fe I, C I, N I and O I, Ca II in particular). See Figures
5 and 6 for some examples. We therefore created two distinct
groups of observed ToI to search for Cold and Warm RCB stars
(Sections 3.1 and 3.2), based on the presence or absence of
the molecular features in their respective spectra. We also added
two further ToI groups to search for RCB stars presenting spectra
with emission lines. First, we targeted spectra seen when an RCB
star undergo a photometric decline event (Section 3.3), then, to
add more complexity to our search, we searched for some rare
hot RCB stars (Te f f >12000 K) that present spectra with many
strong emission lines (Section. 3.4).
We have defined and applied specific selection criteria for
each of these four groups to identify new RCB stars. These crite-
ria are described in the subsections below. A fifth and last group
should also be mentioned, as an RCB star could also be observed
during the deep minimum of a decline phase. In that particular
scenario, only the cold and featureless spectrum of the circum-
stellar dust shell should be observed. We will discuss that partic-
ular case within the third group (Section. 3.3).
Finally, it is worth underscoring here that the vast majority
of classical giant carbon stars were removed from the candidate
list during the IR selection process. Only extreme carbon-rich
AGB stars are expected to be ToI within priority groups #2 and
#4. These groups were formed to contain ToI that are highly ob-
scured due to thick circumstellar dust (J − K >3.5 mag) and
therefore potentially more difficult to observe and identify.
All newly discovered RCB stars and all new candidates are
listed in Tables 2 and 3.
3.1. First group: Cold RCB stars
We focus here on a group of 72 ToI that show strong band-
head features due to C2 and CN molecules that are observable
in the blue and red regions of the spectrum. The targeted cold
RCB stars that present such features have an Teff ranging be-
tween ∼4000 and about 6800 K, and are the predominant group
of RCB stars detected so far (they represent about 2/3 of the en-
tire known RCB stars sample). An excellent description of these
features and other typical cold RCB stars absorption lines can be
found in Bessell & Wood (1983) and Morgan et al. (2003). They
both underline that the main common characteristic observed in
the spectra of cold RCB stars, in addition to their hydrogen de-
ficiency, is their very weak CN bands compared with classical
carbon stars, and that as a result the C2 bands between 6000 and
6200 Å are not degraded and thus clearly visible. As our selec-
tion criteria were inspired by these studies, we discussed here-
after the criteria used in the latest article to reveal five strong
RCB stars candidates among an entire catalogue of Magellanic
carbon stars spectroscopically observed, as well as the status of
these selected stars.
3
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Figure 1: Spectra, red region from 5800 to 8800 Å, of KDM 5651 and the 30 newly discovered Galactic Cool RCB stars. The
underlying blackbodies curve were removed. We plotted them in order of the Ca II absorption lines triplet strength, from stronger
to weaker lines (top to bottom), i.e., in decreasing order of Teff . The spectra were smoothed (5 points were used) for a better
presentation and comparison. The names of the stars are written on the right side.
3.1.1. Morgan et al. 2003 RCB stars selection
Among a catalogue of ∼8500 Magellanic carbon stars that were
observed using the 2dF multi-object low-dispersion spectro-
graph, Morgan et al. (2003) have identified 6 stars presenting
very weak CN features in their respective spectra. From fur-
ther studies of these spectra as well as the near IR photome-
try, they built up the case that five of them are strong Magellanic
RCB candidates and the last one, KDM 6546, presenting slightly
stronger CN bands, should probably be a galactic halo CH star
located in front of the Large Magellanic Cloud. Because of a
lack of much photometric data from monitoring surveys to sup-
port their claim and of their spectral coverage limitation that did
not allow to observe the presence or absence of the CH band
at 4300 Å (a strong indication of stellar hydrogen deficiency),
the nature of these six stars remained unconfirmed. Here is an
updated status on their classification:
– RAW 21 (SMC): RCB confirmed. A decline was observed
in its EROS-2 light curves and no CH band was observed at
4300 Å (Tisserand et al. 2004). It was also named EROS2-
SMC-RCB-1.
– KDM 2373 (LMC): RCB confirmed. A slow decline phase
was observed by the MACHO survey as already reported by
4
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Figure 2: Spectra, blue region from 4200 to 5800 Å, of KDM 5651 and a selection of 11 newly discovered Galactic Cool RCB stars
that present the best SNR. The underlying blackbodies curve were removed. The large C2 band-heads features (2,0), (1,0), (0,0) and
(0,1) are clearly visible. We plotted them in order of the Ca II absorption lines triplet strength, from stronger to weaker lines (top to
bottom), i.e., in decreasing order of Teff . The spectra were smoothed (5 points were used) for a better presentation and comparison.
The names of the stars are written on the right side.
Morgan et al. (2003). This decline and the following recov-
ery were observed in its EROS2 light curve and no CH band
was observed (Tisserand et al. 2009). It was named thereafter
EROS2-LMC-RCB-2.
– KDM 5651 (LMC): RCB confirmed. A series of small de-
clines were observed by the three microlensing surveys,
MACHO, EROS-2 and OGLE. A decline of ∼ 0.3 mag in
JD∼2450200 was detected by MACHO, then subsequently
two similar declines of ∼ 0.3 mag were also monitored by
EROS-2 at JD∼2451800 and ∼2452100. About ∼11.8 years
later, a stronger decline of ∼1.7 mag was observed by the
OGLE-IV survey7. We obtained a spectrum during our ob-
servational campaign and we did not observe any CH band,
confirming a previous analysis made by Hartwick & Cowley
7 See OGLE-IV RCOM website:
http://ogle.astrouw.edu.pl/ogle4/rcom/kdm-5651a.html
(1988) of their candidate HC 119 spectrum. We observed ab-
sorption features due to C2 and CN molecules typical of Cold
RCB stars.
– KDM 2492 (LMC): RCB confirmed. This is the already
identified Magellanic RCB star, HV 5637 (Alcock et al.
2001). No decline was observed for a bit more than 20 years
between the MACHO, EROS-2 and OGLE-III microlens-
ing surveys, but a ∼2.4 mag decline was monitored by the
OGLE-IV RCOM monitoring system.
– KDM 7101 (LMC): RCB confirmed. Two large and rapid de-
clines were observed by the EROS-2 survey (Tisserand et al.
2009), named thereafter EROS2-LMC-RCB-5. No CH band
was observed.
– KDM 6546 (Galactic): Confirmed as a CH star. We obtained
a spectrum during our observational campaign and detected a
strong CH band-head at ∼4300 Å (see Fig. 4). It was already
5
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Figure 3: Spectra, red region from 5800 to 8800 Å, of the 14 new strong candidates found in this study. The underlying blackbodies
curve were removed. The spectra were smoothed (5 points were used) for a better presentation and comparison. The names of the
stars are written on the right side. They are strongly suspected to have been observed were during an dust obscuration event. We
plotted them in order of their Ca II triplet absorption lines strength, from stronger to weaker lines (top to bottom).
reported as a CH star by Hartwick & Cowley (1988), HC
193, but as discussed by Morgan et al. (2003), there was a
possible issue due to a positional mismatch of more than 30′′.
All five stars listed as strong Magellanic RCB stars candi-
dates by Morgan et al. (2003) are now confirmed RCB stars. It
underlines that the spectroscopic analysis criteria described in
Morgan et al. (2003, Section 4 and references therein.) can be
considered as very reliable method to pick new RCB stars among
many medium-resolution spectra. Here are the main ones:
– Very weak CN bands allowing the C2 bands between 6000-
6200 Å to be strong
– No hydrogen Balmer lines detected
– No 13C features observed
Furthermore, the spectral analysis was supported by the
study of each CN-weak star’s near-IR luminosity and colour
in comparison to other more classical carbon stars and already
known RCB stars. They showed that the known RCB stars stand
out compared to the classical carbon stars locus, but also more
interestingly that their five candidates follow the same near-IR
characteristics as RCB stars. We have followed the same chain
of thought in T18a, as we applied selection criteria to the avail-
able near and mid-IR all sky datasets to select the ToI.
6
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Figure 4: Spectrum of KDM 6546 from 3400 to 9600 Å as ob-
served on 2012-10-02 with the 2.3m/WiFeS spectrograph and
R 3000 resolution. The CH band-head between 4280 and 4310
Å is clearly visible, we confirm that it is a Galactic halo CH star
located in front of the Large Magellanic Cloud (Morgan et al.
2003). The 4 consecutive C2 band-heads between 5900-6200 Å
are visible also in the KDM 6546 spectrum as its C/N ratio is
higher than classical carbon stars.
Looking closer at the status of these 5 Magellanic RCB stars,
we found that only KDM 5651 failed pass our photometric se-
lection criteria. However, as mentioned in sect. 3.1, cut #2 of
T18a, it would have been selected if its [22] WISE ALL-Sky
measurement had not been strongly biased. (The [22] measure-
ment reported in the subsequent WISE ALLWISE catalogue was
corrected for this bias.) Interestingly also, the Galactic CH star,
KDM 6546, was rejected as it did not pass the first two selection
criteria using near- and mid-IR colours.
3.1.2. Our selection of Cold RCB stars
The interstellar and/or circumstellar dust reddening effects made
the spectroscopic analysis of this cooler group of stars more diffi-
cult. In many cases, most of the signal detected was concentrated
on the red side of the spectra, and some important information
located in the blue (λ < 5500 Å) were then missing, i.e., the CH
molecular band at ∼4300 Å (only 11 out of the 73 cold ToI have
some signal that far into the blue). Also, the useful 13C isotopic
signature when one detects the (1,0) 13C12C absorption line at
4744 Å and can compare its strength directly to the nearby (1,0)
12C12C at 4737 Å. Fortunately, the 13C abundance can also be es-
timated (but with less clarity) from the red side of the spectrum
with the (1,3) and (0,2) 13C12C bands, respectively at 6100 and
6168 Å, which are near a series of 12C12C bands, and also com-
paring the 13CN band-head at ∼6260 Å directly with the nearby
(4,0) 12CN band-head at 6210 Å if nitrogen abundance is high
enough for the CN bands to be detectable. Most RCB star at-
mospheres are known to have a low isotopic ratio 13C/12C (but
this is not always the case, see analysis made by Rao & Lambert
(2008); Hema et al. (2012)), and a high C/N abundance ratio.
It was always possible to detect the presence or absence of
Balmer lines to test for hydrogen deficiency. RCB stars generally
show weak or absent Balmer lines, but at least one RCB star,
V854 Cen, shows significant hydrogen lines (Lawson & Cottrell
1989; Kilkenny & Marang 1989). It is now possible to detect
the Ca II triplet lines located on the red side of the spectrum
(λ ∼8498, 8543 and 8662 Å). Indeed, the intensity of these lines
is, as shown by Richer (1971), a good indicator of carbon star
temperature: the cooler the temperature, the weaker the lines. We
have therefore classified empirically each of the 73 targets based
on the Ca II triplet lines intensity: none, weak, small, medium
and strong.
Atmospheres of RCB stars are known to have a lower nitro-
gen abundance compared to carbon. The CN features are there-
fore weaker than the ones observed in classical carbon stars
spectra. As already discussed in the previous section, this trans-
lates in the possibility of detecting clearly four C2 band-heads
between 5900 and 6200 Å that are normally swamped by strong
CN bands located at the same wavelength range. We studied syn-
thetic spectra for a range of Teff and C/N abundance ratios, and
found that these C2 bands become indeed clearly detectable due
to weaker CN bands when the C/N ratio is higher than 3 and the
Teff ranges between 5000 and 6000 K (see Fig 10). The second
C2 band-head, around 6000-6060 Å, fades first with a higher ni-
trogen abundances due a to strong CN band-head appearing at
the same wavelength range. At higher tempereature, ∼6000 K,
which is a more classical temperature for RCB stars (Tisserand
2012), the four C2 band-heads can be seen even for lower C/N
ratio as CN features vanish. On the other hand, at low tempera-
ture like ∼4000 K, the C/N need to be higher than 100 to begin
to observe those. For a large majority of Cold RCB stars, the
observation of these C2 features, rarely seen in classical carbon
stars, are therefore common and can be used for detecting new
ones. This criterion is, however, not absolute, as for a very few,
like the known RCB star V4017 Sgr, no C2 band-heads are eas-
ily detectable at these wavelength range. We also note that after
looking closely at the spectra of known RCB stars, we found
that selecting stars only based on the extreme weakness of the
CN bands, as did Morgan et al. (2003), was a too strict criteria to
detect a wide range of RCB stars and we did not use it rigorously
but as an indicator to support our decision.
Using already known RCB stars and the synthetic spectra
matching their Teff , we put in place a series of criteria to reveal
new RCB stars. We describe these criteria below.
First, for the 73 cold targets, we recognised that 13 of them
present a clear signal of Hα in emission indicating that they are
not hydrogen-deficient. They are most certainly AGB carbon-
rich stars which show a cooler Teff than RCB stars (Te f f < 3500
K). This is confirmed by the strength of the Ca II triplet absorp-
tion lines which are non-existent for that sample of Carbon stars.
They also present a very high IR excess and are located in the
extreme top-right side of the J − H vs H − K colour-colour di-
agram presented in Tisserand (2012, fig.6), where AGB carbon-
rich stars are expected to be found. We rejected these stars. For
another 7 targets, we did not see any obvious Hα features, how-
ever, their respective spectra were too red. We recognised that
they are indeed carbon stars due to CN bands located after 7900
Å, but nothing else. As they also show no Ca II triplet lines in ab-
sorption, these objects are also most certainly AGB carbon-rich
stars. We do not consider them further in our analysis.
Of the 53 targets remaining, that do not show any Hα sig-
nal or a CH absorption band, we first focused on the 40 warmer
targets, i.e., the ones showing Ca II line intensity classified as
small, medium or strong. They are interesting ToI as RCB stars
are warmer than classical carbon stars. We recognise that 27 of
them presented some C2 features between 6000-6200 Å and no
substantial 13C signal. We consider all these stars as new bona-
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fide RCB stars. Furthermore, for 8 of them, we even had enough
signal in the blue spectrum to observe the absence of the CH
band which strengthen their status of hydrogen deficient stars.
They are our ”golden” cold RCB sample as they have all of the
following criteria: pass the near- and mid-IR photometric RCB
selection, have a warm Teff based on CaII strength, no Hα signal
or CH bands detected, C2 features between 6000-6200 Å ob-
served and no substantial amount of 13C found. Moreover, we
have also obtained light curves showing characteristic RCB star
declines for 9 of them.
We then looked at the other sample of 13 cooler targets (pre-
senting only weak Ca II lines or none at all). We found that
the identification task would be more difficult as many of them
show very noisy spectra between 6000-6200 Å making it dif-
ficult to determine whether the C2 features are present or not.
However, we identified three ToI, 90, 290 and 5039, present-
ing spectra with the same characteristics as listed above for the
warmer RCB stars. Furthermore, their CN bands were found to
be very weak and typical RCB light curves were obtained for
ToI 290 and 5039. We include them also in our list of bona-fide
new RCB stars. The ToI 90 and 290 can also be included in our
cold ”golden” sample as no absorption from CH molecules was
detected.
Looking more closely at the remaining cooler ToI, 7 tar-
gets, ToI 136, 138, 150, 164, 181, 207 and 225, must remain as
RCB candidates only, as further analysis and observations will
be needed before a final confirmation can be made. These stars
present very similar red carbon spectra, with: no detectable sig-
nal on the blue side, low fluxes in theC2 region of interest (6000-
6200 Å), visible CN bands after 6900 Å. It was impossible to
determine the abundance of 13C. Nevertheless, we found that the
two strongest C2 band-heads, (0,2) and (1,3), were visible in all
cases and that CN bands around ∼6210 Å seem very weak or
non-existent. They have small Ca II triplet absorption lines and
no Hα was detectable (except for ToI 136, which shows Hα and
[O I] at 6300 Å in emission). Interestingly also, we note that all
these ToI are part of the most interesting priority group #1, a
group where no known classical carbon stars are expected to be
found.
Now, we discuss the particular case of ToI 218, also belong-
ing to the priority #1 selection group. It presents a very red spec-
trum and as for the previous seven stars, we couldn’t determine
its abundance of 13C and the presence or not of CH molecules,
but again no Hα in absorption or emission was found indicating
some hydrogen-deficiency. The main difference is that ToI 218
shows no sign of C2 features but only wide CN features after
6900 Å and that no Ca II triplet lines are visible. Based on these
characteristics, we would not have kept that star as a strong RCB
candidate, however, we have some light curves from EROS-2
and OGLE surveys showing characteristic RCB-like declines.
As discussed above, detecting the C2 features around the 6000-
6200 Å region is a common observation for RCB stars but it is
not mandatory as already seen with the known RCB, V4017 Sgr.
However, if ToI 218 is indeed an RCB, we expected to observe
these features because of the low Teff as indicated by the absence
of Ca II triplet lines. A possible explanation is that we observed
ToI 218 in a decline phase and therefore emission in the Ca II
lines fill in the absorption lines. More details on emission lines
observed in cold RCB spectra are discussed in section 3.3 below.
We need to obtain another spectrum, perhaps at a brighter phase,
to definitely confirm its status. We list it as a strong candidate.
The spectra of all new RCB stars are presented in Figures 1
and 2 in decreasing order of the strength of the Ca II triplet ab-
sorption lines (i.e., in decreasing order of Teff). One can see that
the C2 features in the interesting region between 6000 and 6200
Å are visible in all cases, but that also the following fiveC2 band-
heads located between 6500 and 6900 Å are getting stronger
with the decreasing effective temperature. The strength of the
CN band around ∼6210 Å is different for each new RCB star,
confirming that selecting RCB stars based on the extreme weak-
ness of the CN bands can not be a strong selection criterion. For
examples, the CN band around ∼6210 Å is weak for ToI 290 and
5039, but much stronger in the case of ToI 1220 and 1241.
Finally, we note that ToI 5042, a member of our ”golden”
cold sample, shows absorption features due to C2 and CN
molecules, as well as many absorption lines that are typical of
warm RCB stars. We discuss these lines below. ToI 5042 is the
warmest of our 30 cold new RCB stars (See Fig. 1 and 2).
3.2. Second group: Warm RCB stars
Carbon based molecules do not exist in the atmospheres of
RCB stars whose temperatures exceed ∼6800 K. Therefore, only
atomic absorption lines of its principal constituents, that are pre-
dominantly C I, N I, O I, but also Fe I, are seen in the spectra.
In Figure 5, we present the details of these atomic lines between
5500 and 9500 Å comparing synthetic spectra to the observed
spectrum of the known warm RCB star, UX Ant. Most of the
features observed at that resolution can be explained by the el-
ements just mentioned, in particular, the strong C I absorption
lines at 7112Å and between 9050-9100Å, the O I line at 7774Å,
and the Si II lines at 6345+6374Å. Other weaker C I, N I, and
O I lines are mostly blended with Fe I lines, but the resulting
features remain clearly identifiable.
Using these indicators, we searched the ToI spectra present-
ing no sign of Paschen lines and no or only weak Hα absorption.
Thus, we identified 14 new warm RCB stars. The spectra of a
sample of them are shown in Figure 6, they look remarkably
similar. The main differences we found are in the strength of the
O I and Si II lines.
The principal difficulty in detecting new warm RCB stars
comes from some similarities with RV Tauri stars. Indeed, these
stars have a similar photosphere and circumstellar shell Teff to
RCB stars, and therefore have passed all the pre-selection crite-
ria to be spectroscopically studied. Furthermore, they also show
atomic absorption lines similar to warm RCB stars, mainly the C
I and Si II lines. However, RV Tauri star atmospheres are rich in
hydrogen, and one can clearly detect the Paschen and the Hα
absorption lines, and sometimes the CH features at ∼4300Å.
Interestingly, to emphasise even more the similarity observed
between both classes of stars, it is worth mentioning that RV
Tauri star light curves can present very rapid and large declines
due to dust obscuration events that are similar to RCB stars. The
main difference is the longer and larger amplitude of RV Tauri
star photometric pulsations at maximum brightness8.
On the same subject, we found that the star, OGLE-GC-
RCB-2, was wrongly reported as an RCB star in Tisserand et al.
(2011). Indeed, its identification as an RCB star was only based
on its OGLE light curve as a sudden and large photometric de-
cline was observed (see Fig.5 in that article) but without any
spectrum to support the claim. We later obtained a spectrum that
shows all the features we have just indicated for an RV Tauri
star. It stresses the need for a spectroscopic follow-up to identify
8 Here are examples of RV Tauri stars for which one can study their
spectra and light curves in the database: ToI 4100, 4065 and 2571
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new RCB stars. The light curve is a useful indicator but is not a
sufficient and decisive one.
The ToI 1247 is a similar example. Its OGLE light curve
shows multiple non-periodic declines very similar to RCB stars.
It would have been classified as such after a classical light curve
dedicated searches, but the spectrum we obtained shows no clas-
sic warm RCB lines, but does show Hα without Paschen lines.
We do not have classification for this star yet. We will observe
it again in case there is a confusion issue between a classical
H-rich main sequence star and a real RCB star that could have
undergone a decline at the time of our observation.
Two new warm RCB stars are listed in Table 2 without
any ToI Id. They were followed-up after extending our search
just outside the colour cuts criteria defined in T18a. They are
J174111.80-281955.3 and J174119.57-250621.2 that are located
within 3 degrees of the Galactic Centre. They did not pass the
colour criteria on J −H vs H −K due to the very high reddening
in that particular are of the sky.
With the detection of 14 new Warm RCB stars, we have
reached a total of 18, representing about 10% of the total num-
ber of RCB stars known (most of them being Cold). As RCB
stars are supposedly evolving from a cold to a warm state before
finishing their life as heavy white dwarfs, this ratio could indi-
cate the relative time passed in both temperature regimes (Saio
& Jeffery 2002; Lauer et al. 2018).
3.3. Third group: Possible New RCB Stars Undergoing a
Dust Obscuration Event
When an RCB star undergoes a dust obscuration event, multiple
emission lines appear in the spectrum, which evolve depending
on the decline phase. A summary of these lines was detailed by
Clayton (1996); Kameswara Rao et al. (2004). Early on, many
narrow emission lines blue-shifted from the stellar radial veloci-
ties (Spite & Spite 1979; Cottrell et al. 1990), are visible. Then,
a few weeks later and until the end of the decline phase, on top
of a very reddened RCB star spectrum, one can see a few broad
emission lines, the most common ones being Ca II H and K and
the Na I D lines. Only the Na I D line is detectable in the wave-
length range of our optical spectra.
Detailed studies done at minimum light on three RCB
stars, V854 Cen (Kameswara-Rao & Lambert 1993), UW Cen
(Kameswara Rao et al. 2004) and RCrB (Kameswara Rao et al.
2006) show that one can also expect to observe broad emission
lines for the following elements: [N II] (5755, 6548, and 6583 Å
in higher strength order), He I (5876 and 7065 Å), Ca II triplet
and forbidden [Ca II] (7291 and 7323 Å), but also, less com-
monly, forbidden [O I] (6300 and 6363 Å), some weaker lines,
[S II] (6717 and 6731 Å) and K I (7664 and 7699 Å) lines, and
the C2 Swan bands. In the particular case of the less hydrogen-
deficient V854 Cen RCB star, Hα was also detected in emis-
sion (Lawson 1992). With that knowledge in hand, we search
our spectra for such features.
We searched for Na I D broad emission lines and found 4
members of the Cold group that show a red carbon spectrum
with such emission. They are ToI 194, 223, 264, and 4117. For
ToI 223, one can also observe weak Hα in emission as well as [O
I] at 6300 Å. No other broad emission lines were observed for
the other three. ToI 223 could be a similar RCB star to V854
Cen which is less hydrogen deficient than typical RCB stars.
In its spectrum, one can also detect clear C2 features between
6000-6200 Å, some strong Ca II triplet absorption lines, but no
detectable 13C lines. These characteristics support the case that
it is a member of the RCB class. ToI 4117, also named IZ Sgr,
is part of the last priority group, #5, in our photometric IR selec-
tion, as it has already a classification in the SIMBAD database
as a Mira M6 star (see Houk (1967)), but it would have been
part of the first priority group otherwise. There has been clearly
a misclassification as we observe some weak CN features in our
reddened spectra. Its light curve was also already selected by
Tisserand et al. (2013) in their search for RCB stars in the ASAS
database as two rapid and sudden photometric declines were ob-
served. This target is therefore similar to ToI 218 discussed in
section 3.1.2 and a spectrum near maximum brightness is needed
for a full confirmation on its nature. The reddened spectra of ToI
194 and 264 show clear CN features observed above 6900 Å,
but no clear C2 features in the interesting wavelength range as
the signal level was weak and noisy. We consider all four targets
as good Cold RCB candidates.
We also looked for spectra with broad emission lines from
the other elements, mainly ToI that had [N II] (6583) in emission.
This is the case of ToI 138 which we already classified as an
RCB star in our group #1 cold star sample analysis. No other
lines are, however, observed. Na I D being in absorption. We
found another interesting target, ToI 137, having [N II] (6548
and 6583 Å) in emission, but also He I (7065) and split emission
lines of [O I] (6300) and of a weak Hα suggesting a symmetric
structure. Its reddened spectrum also shows some CN features in
absorption after 6900 Å and some small Ca II triplet lines. Again
ToI 137 could be a less hydrogen deficient RCB. We consider
it also as a Cold RCB candidate. All other spectra presenting
[N II] in emission also show strong Hα emission lines without
an underlying red carbon spectrum, so we did not study them
further.
Interestingly, we obtained a second spectrum of ToI 5039, a
target that we already listed as a new cool Magellanic RCB star
in the related section above, using the AAT/AAOmega spectro-
graph. The spectrum was observed on 2010-10-29 which corre-
sponds to a moment of the deepest minimum as indicated by its
OGLE-IV-RCOM light curve (I≥20.8 mag). We observed some
strong broad emission lines redshifted to the LMC distance: [O
III] (4959+5007 Å), [N II] (6583 Å), [S II] (6719+6730 Å), and
also strong emission in the Balmer series (α, β, δ, and γ). No ob-
vious sign of hydrogen was observed in its spectrum taken closer
to maximum brightness with the 2.3m/WiFes a year earlier (on
2009-11-27). ToI 5039 could also be like the less hydrogen-
deficient V854 Cen.
In the extreme cases of high obscuration, the RCB star pho-
tosphere disappears from the spectrum and only the feature-
less spectrum of the circumstellar shell remains visible (Garcı´a-
Herna´ndez et al. 2011). This is what was observed with ToI 274.
Its spectrum (obtained on the 2013-08-18 with the 2.3m/WiFes
spectrograph) is the one of a very cool featureless blackbody.
Only a weak and broad Na I D emission line is detectable. A later
observation obtained with the automatic Liverpool telescope re-
vealed a reddened spectrum with some CN features above 6900
Å detected, but without any C2 band-heads. We also note a weak
and broad Hα emission line. It was most certainly taken during
a brighter phase. Further spectroscopic follow-up will be needed
on that particular ToI.
We consider ToI 274 as an RCB candidate as well as the
other five ToI listed above. Their spectra show emission lines
expected for RCB stars in decline but we will need other obser-
vations at maximum brightness to really confirmed their nature.
ToI 223 and 4117 are the strongest candidates.
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Figure 5: The warm RCB star UXAnt (black) plotted with model stellar atmosphere spectra of C I (red), O I (yellow), N I (green),
and Fe I (blue).
Finally, we observed the RCB candidate OGLE-GC-RCB-
Cand1. This object was pointed out by Tisserand et al. (2011)
as an interesting candidate to follow-up because of the 1.6 mag
decline observed on its OGLE-3 light curve and despite its odd
position in the J − H vs H − K colour diagram that suggested
more probably a DY-Per type star than an RCB star. We obtained
a spectrum, but only a highly reddened one, almost featureless,
with only some weak Ca II triplet lines detected. We clearly ob-
served OGLE-GC-RCB-Cand1 during a phase of deep decline.
However, from its OGLE-4 RCOM light curve, it was at a phase
only 1.2 mag from maximum light (epoch: 2010-07-16, I∼15.43
mag). Its WISE magnitudes suggest that it possesses a second
very cool bright shell (see T18a).
3.4. Fourth group: Hot RCB stars
Among the rare group of RCB stars, there exists even a rarer
subgroup with only 4 members known so far: MV Sgr, V348
Sgr, DY Cen, and HV 2671 (De Marco et al. 2002). They are
the Hot RCB stars with Teff between 15000 and 20000 K. They
represent the last phase of RCB evolution in the merger scenario,
where an RCB star evolves from Cold to Warm to Hot, while the
atmosphere gets smaller and bluer. Such an effect is supported by
the long-term photometric analysis of known hot RCB stars (De
Marco et al. 2002; Schaefer 2016). The evolution to the blue will
continue and the hot RCB stars become extreme helium stars
(Jeffery 2008b,a; Lauer et al. 2018).
The hot RCB star spectra show a hot blackbody contin-
uum with many emission lines, in particular, C II and He I
(Leuenhagen et al. 1994; De Marco et al. 2002). Some low-
resolution optical spectra of three hot RCB stars are also pre-
sented by Tisserand et al. (2013, Fig.16). We found that one of
our targets, ToI 6005, presents a similar spectrum. It is presented
in Figure 7 with a spectrum of V348 Sgr for direct comparison.
We consider it as a new Magellanic hot RCB star. Along with
many C II emission lines are He I (5876, 6678 and 7065 Å), O I
(7774 Å) and weak Hα as seen in V348 Sgr. A detailed descrip-
tion of these lines is given in Dahari & Osterbrock (1984) who
discussed the spectra of V348 Sgr observed at various epochs.
Furthermore, the OGLE surveys have observed a light curve for
ToI 6005 that clearly shows two large and rapid declines before
a recovery to a brighter phase (the overall variation is >5 mag in
I band).
4. Result and discussions
For the 488 WISE ToI that we have followed-up spectroscop-
ically, there is a success rate of nearly 10% of bona-fide new
RCB stars. This high rate is even higher when we only consider
the priority group #1 targets. In that group, there is a success rate
of ∼25%. About 40% of group #1 have been followed up with
spectra. The success rate for priority group #2 is slightly lower,
∼ 19%. We have only followed up ∼10% of this group’s targets.
We found only one new RCB star among the 256 ToI (∼25%)
observed from priority group #3. Half of our observational ef-
forts were made on that group as it contains many bright targets.
We found that most objects in this group are Mira and RV Tauri
stars, but it should also contain some rare RCB stars that possess
very thick circumstellar shells. Furthermore, we have light-curve
information for further 199 ToI (mostly from priority group #3)
that show clear photometric oscillations similar to Miras or RV
Tauri stars. Overall, we have obtained a conclusive definition on
the nature of 687 ToI, which is almost a third of all ToI listed
(the percentages that have been followed up are, ∼45%, ∼12%,
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Figure 6: Spectra of the newly discovered Warm RCB stars. From the top, the stars are ToI 139, ToI 169, ToI 171, ToI 174, WISE
J174111.80-281955.3, WISE J174119.57-250621.2, ToI 188, ToI 190, ToI 191, ToI 193, ToI 197, ToI 209, ToI 257 and ToI 5003.
∼36%, ∼6%, and ∼37%, respectively, for the priority groups #1–
5). See Table 1.
4.1. Galactic distribution and magnitudes of new RCB stars
As expected, the luminosities of the newly found RCB stars are
on the fainter end compared to the known stars. This is illustrated
in Figure 8 showing the magnitude distribution in K and [12]
bands for both Galactic and Magellanic RCB stars. However it
is worth noting that two RCB candidates, ToI 223 and 274, have
bright circumstellar dust shells with [12]∼1.2 and ∼1.0 mag, re-
spectively, (see Tables 4 and 5). If confirmed as RCB stars, they
would be respectively the fifth and sixth brightest RCB stars in
the [12] band. Furthermore with an interstellar extinction AV ∼8
mag and an apparent K magnitude of 6.3 mag, ToI 274 could be
one of the 10 brightest Galactic RCB.
Figure 11 presents the spatial distribution of all ToI and of
the 488 targets already observed spectroscopically. We found
new RCB stars on both sides of the Galactic plane, and from
a simple first distance estimate, most of them are located beyond
the Galactic centre. Our observational effort was concentrated
mostly between the galactic longitude [-60◦; +45◦] as we used
telescope facilities in the southern hemisphere. The distribution
of the interesting ToI in the priority categories #1 and #2, that
remain to be observed (see Fig. 11, top-right), suggests that fu-
ture observations will have to focus outside the Galactic Bulge
and mostly along the Galactic disk.
4.2. How many Galactic RCB stars exist out there?
Taking the results, reported here, into consideration, we can
make an initial estimate of the total number of RCB stars in our
Galaxy. A total of 77 Galactic RCB stars had been identified be-
fore this first dedicated all-sky search (Clayton 2012; Tisserand
et al. 2013). This work identifies 40 new RCB stars, increasing
the total to 117 Galactic RCB stars. So far only a few of the ToI
listed in priority group #4 have been followed up because most
of them are faint highly enshrouded stars that require observa-
tions with 4m-class telescopes. So, if we choose an optimistic
rate of discovery of 20% for that group, corresponding to about
50 new RCB stars, and similarly choose the favourable scenario
that 20 new RCB stars can be discovered in both priority groups
#3 and #5, we would reach a potential of about 220 new discov-
eries within the remaining list of ToI, assuming we add 50 and
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Figure 7: Spectrum of the new LMC Hot RCB star (black), WISE J053745.70-635330.8 or ToI 6005, plotted with that of another
Hot RCB star, V348 Sgr (red), for comparison (De Marco et al. 2002). The emission lines are mostly C II (green lines ) and He I
(red lines).
Figure 8: Distributions of magnitude in the K (top) and [12] (bot-
tom) bands for all previously known and new RCB stars
77 potential new RCB stars from respectively the categories #1
and #2 groups, simply using the rate of discovery obtained so far.
When corrected for the 85% detection efficiency of the ToI pho-
tometric selection process, we estimate that in this favourable
scenario there could be as many as about 380 RCB stars existing
in the Galaxy (77+(220+40)/0.85).
This is a rough estimate, and, of course, our all-sky search
has biases as it was optimized using the known RCB stars. We
summarize briefly the selection biases as we know them. A more
detailed discussion can be found in T18a. First, we don’t know
much about the highly enshrouded RCB stars, such as EROS2-
SMC-RCB-4 and MSX-SMC-014. They have remained faint
most of the time during the past 20 years and have been found to
be surrounded by a thick dust shell presenting featureless mid-IR
spectra (Kraemer et al. 2005; Ruffle et al. 2015). They are mem-
bers of priority group #4, for which we assumed an optimistic
discovery rate of 20%. Second, our search does not target RCB
stars that possess multiple bright dust shells (we know of 3 such
RCB stars so far), and also RCB stars with either a very thin dust
shell or no shell at all, like the HdC stars will be missed. For the
first two sets of stars, we have taken them into account via our
detection efficiency, but their numbers could be underestimated.
For the remaining one, the HdC stars, only 5 are known so far
and considering that no dedicated deep all-sky searches were
ever made to find more of them, we need to compare that num-
ber to the quantity of known bright Galactic RCB stars before the
recent discoveries made using light curves surveys. We estimate
there could exist up to one HdC for 6 RCB stars, which would
thus correspond to a total of about 60 HdC stars in the Milky
Way. Third, our spectroscopic follow-up has mostly targeted ToI
located within 60 degrees from the Galactic Centre (see fig. 11)
and the external disk region of the Milky Way was not covered.
However, RCB stars seem to follow an old-disk spatial distribu-
tion and should be found in higher number in the central area
of the Galaxy. This observational bias would support our opti-
mistic conservative approach in the estimate of the total number
of Galactic RCB stars as a lower rate of discovery is expected
at higher galactic longitude. Finally, we know that the detection
efficiency of our all-sky ToI selection drops within a few de-
grees of the Galactic Centre and along the Galactic plane at low
galactic latitude due to high interstellar extinction. In Tisserand
et al. (2008), many RCB stars located within the Galactic Bulge
were discovered, but still outside the high extinction sky areas.
This could indicate that tens of new RCB stars could potentially
lie within the most highly crowded and reddened parts of the
Galaxy.
Overall, we can confidently say from this first dedicated sur-
vey for RCB stars that it is unlikely that there are more than
500 RCB/HdC stars in the Milky Way, and that it is likely the
Galactic population is somewhere between 300 and 500. This
result is in excellent agreement with theoretical estimates made
from population synthesis. Indeed, with He-CO white dwarfs
merger birthrate ranging between ∼ 10−3 and ∼ 5×10−3 per year
(Nelemans et al. 2001; Ruiter et al. 2009; Karakas et al. 2015)
and an RCB phase lifetime of about 105 years, as predicted by
theoretical evolution models (Saio & Jeffery 2002; Lauer et al.
2018), the expected theoretical number of Galactic RCB stars
range between 100 and 500. These estimates are also consistent
between the Milky Way and the Magellanic Clouds. Indeed, 30
RCB stars are known now in the Magellanic Clouds as we added
5 with this present analysis after the spectroscopic follow-up of
28 Magellanic ToI. With 86 Magellanic ToI remaining to be ob-
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served, mostly faint ones, we can estimate, in an optimistic sce-
nario using a similar discovery rate, that about 20 potential new
Magellanic RCB stars are still to be discovered. If the number
of RCB stars scales with the galaxy mass, the number we obtain
would then be 550 Galactic RCB stars (11×(30+20)).
4.3. Status on previously identified RCB candidates
We found that 4 previously identified RCB candidates were
present in our ToI list (see discussion within T18a, sect. 6 and
list in table 2). We succeeded in getting spectra for three of them
so that we can now confirm them as bona-fide RCB stars. First,
there are WISE-J174645.90-250314.1 (ToI 188) and WISE-
J175749.98-182522.8 (ToI 204), also known as GLIMPSE-
RCB-Cand-1 and GLIMPSE-RCB-Cand-2 in Tisserand et al.
(2011). They were the first stars selected after a series of IR
colour criteria using the 2MASS and Spitzer/GLIMPSE mag-
nitudes, and for which a spectroscopic follow-up has shown in-
teresting carbon features and very red continua, being located at
less than 3◦from the Galactic plane. There were no light curves
available at the time and more importantly no specific spectro-
scopic criteria for low-resolution spectra to define them as RCB
stars. Now we have both with even better spectra. We classified
the two candidates, respectively, as warm and cold RCB stars,
and they have satisfied all the criteria defined in each category.
Furthermore, we now have a light curve available for the first
object, ToI 188, as it was observed by the OGLE-IV survey. It
shows a characteristic sudden 8 mag decline that occurred in
2015. The third known candidate that we have now confirmed
is MSX-LMC-1795 located in the Large Magellanic Cloud (ToI
5039). It was first reported by Matsuura et al. (2014) as a poten-
tial RCB star due to its featureless mid-IR spectrum and the sus-
picion got stronger with its OGLE light curves. Indeed it showed
a 4 mag variation during the OGLE III monitoring (Soszyn´ski
et al. 2009, see object OGLE-LMC-RCB-21), and six declines
with maxima getting brighter each time during the last OGLE-
IV phase9. We have now succeeded in getting a spectrum and it
is a cold RCB star.
We have not yet succeed in obtaining a spectrum for the
fourth remaining RCB candidate, EROS2-SMC-RCB-4 (ToI
5005). This star is an interesting case as it has remained faint
for the past 19 years. Indeed, after a short 4.5 mag decline that
occurred in 1998 as reported by the EROS2 survey in Tisserand
et al. (2009), the OGLE survey data has not seen any varia-
tions10. EROS2-SMC-RCB-4 has remained highly enshrouded,
indicating a continuous production of dust in the line of sight.
We also suspect that it did not reach its maximum brightness
during the short recovery phase in 1998. If confirmed as an RCB
star, EROS2-SMC-RCB-4 could be the first of a population of
very cold, highly enshrouded RCB stars, which we know little
about. Its brightness needs to be monitored to trigger a spectro-
scopic alert. It was reported by Ruffle et al. (2015) to present a
mid-IR featureless spectrum which strongly supports its classi-
fication as an RCB star. Long duration decline phases may be
common in RCB stars. R CrB, itself, recently recovered from a
10 year decline, and V854 Cen spent several decades in a deep
decline in the early 20th century (McNaught 1986).
As already discussed in section 3, we also obtained a spec-
trum of the previously published candidates KDM 5651 and
9 http://ogle.astrouw.edu.pl/ogle4/rcom/ogle-lmc-rcb-21.html
10 RCOM OGLE III: http://ogle.astrouw.edu.pl/ogle3/rcom/eros2-
smc-rcb-4.html and RCOM OGLE-IV:
http://ogle.astrouw.edu.pl/ogle4/rcom/eros2-smc-rcb-4.html
Figure 9: Light curve of GDS J1613117-503040 from the
Bochum survey (Hackstein et al. 2015). A fast photometric de-
cline of 3 mag is observable around JD∼2456500 days in both
the r and i bands. This star is surrounded by two distinct cir-
cumstellar dust shells and was therefore not selected by our IR
photometric selection criteria. We consider it as an RCB candi-
date that needs a spectroscopic follow-up for confirmation.
OGLE-GC-RCB-Cand1. Neither passed the photometric selec-
tion criteria for our ToI list. We have confirmed the former as a
bona-fide RCB cold star. For the latter, based on its light curve,
presented in Tisserand et al. (2011), and its position in the J −H
vs H − K diagram near the giant carbon stars locus, it could po-
tentially be a DY Per star. The spectrum we obtained is feature-
less and highly reddened11. It certainly corresponds to the bluest
part of the dust shell, indicating that we possibly observed that
star during a deep decline. We will wait for a brighter phase to
observe it again. It is located only few degrees from the Galactic
Centre at (l,b)∼(0.◦14, -1.◦6), therefore one can expect a high in-
terstellar extinction.
We also added as a new RCB star candidate, WISE
J161311.79-503040.2, also known as GDS J1613117-503040.
We listed it as such because of the spectacular brightness de-
clines of 3 mag observed in its Bochum survey light curve
(see Fig 9. This star is surrounded by two thick circumstellar
shells, as the known RCB stars MV Sgr, DY Cen and MACHO-
11.8632.2507, and was therefore not selected by our criteria. We
need a spectroscopic confirmation of its real nature. Similarly
to OGLE-GC-RCB-Cand1, one can expect a high extinction to-
ward the line of sight of that star, as it is located near the Galactic
plane at (l,b)∼(332.3, 0.5) deg. The presence of two dust shells
around RCB stars seems to be common (Montiel et al. 2018).
5. Summary
We report on the follow-up spectroscopic effort dedicated to
finding new RCB stars among a list of 2356 ToI, selected due
to their IR characteristics. That list was published in a joined ar-
ticle, REFERENCE, we named T18a. We have obtained spectra
for nearly 500 ToI, and thanks to the photometric light curves
produced by OGLE, ASAS, and other surveys, we have clas-
sified about a third of the ToI. All spectra, light curves, and
charts accumulated for each of them are available online at URL:
http://rcb.iap.fr/trackingrcb/. We encourage all observers to re-
port their own observations and help to keep this database up to
date.
Spectroscopic selection criteria were defined using known
RCB star spectra and hydrogen-deficient stellar atmosphere
11 The ToI spectra are available online: http://rcb.iap.fr/trackingrcb/
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Figure 10: Hydrogen deficient synthetic spectra between 5800 and 6400 Å for 4 different nitrogen abundances (7.06 [N] 6 9.4 dex)
and 4 different Teffs (4000 to 7000 K). The spectra are normalised to unity. The intensity scales extend between 0 and 1 for all
spectra except the ones with an Teff of 7000 K whose intensity scales are between 0.9 and 1. Cyan represents the CN band-head
features, black represents the C2 bands, and blue is the sum of both. The abundances used for the models are those of a classical
RCB star, i.e., [H]=7.5, [He]=11.5, [C]=9.0 and [O]=8.8, and the C/N ratio increased (∼0.4, ∼3.0, 10 and 100) by decreasing the
nitrogen abundances.
models to reveal new RCB stars at different temperature ranges
but also in the special scenario of dust obscuration events. We
found 45 new RCB stars and also confirmed the long-lasting
candidate KDM 5651 as an RCB star. Now, 117 Galactic and
30 Magellanic RCB stars are known. We also added a list of 14
strong cold RCB star candidates for which further follow-up will
be needed for a definite confirmation, particularly at a brighter
phase. We strongly suspect them to be RCB stars as we have
strong indications that their respective spectra were taken during
a decline phase. These candidates are also mostly located near
the Galactic plane, where the interstellar extinction is higher,
making them more difficult to observe.
Light curve information is useful to reject variable stars, like
Miras, but is not sufficient to identify an RCB star. Only the
accumulation of evidence, and especially spectra taken in the
bright phase, can confirm new RCB stars. For example, we have
shown in the present article that the star OGLE-GC-RCB-2 is
not an RCB star. It was wrongly reported as such by Tisserand
et al. (2011) based only on its light curve, but the spectrum once
obtained shows it it to be an RV Tauri star. Indeed RV Tauri type
14
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Figure 11: Spatial distribution in Galactic coordinates of all selected targets of interest, overlaid with the ones already followed-up
spectroscopically (top). Distribution of all known and candidate RCB stars (bottom). Distribution in Galactic longitude of all ToI
with the ones already observed and the remaining ones (middle).
stars share the same photometric colours as RCB stars but can
also present fast and large photometric declines.
This work is the closest effort at a systematic survey of
RCB stars in the whole sky, i.e., over the entire Galaxy and
the Magellanic Clouds. We have estimdated the total number
of RCB stars located in the Milky Way, based on our results
and an estimate of detection efficiency, to be no more than 500
RCB/HdC stars, with the most realistic range being between 300
and 500. The first measure is consistent with theoretical esti-
mates made from population synthesis (between 100 and 500)
and also with the total number of Magellanic RCB stars scaled
up to the mass of the Milky Way (corresponding to a total of
about 550).
Overall, we found 30 Cold (Teff < 6800 K), 14 Warm (Teff
> 6800 K) and one Hot (Teff > 12000K) RCB stars, reaching
totals of 124, 18 and 5 respectively for known Cold, Warm, and
Hot RCB stars. The ratios between these temperature regimes
could tell us about the relative time passed during the RCB star
evolution across the HR diagram while its atmosphere contracts
(Saio & Jeffery 2002, see Fig. 2 and 3) (Lauer et al. 2018). Our
method was particularly efficient at finding new Warm RCB stars
as the known sample has increased by a factor 4, but they still
represent only 10% of the total number of RCB stars. Briefly, in
the double degenerate scenario, they correspond to a rapid stage
of evolution when the surface temperature begins to increase and
the star evolves blueward nearly horizontally on the HR diagram.
However the situation is more complex as there should exist a
range of RCB stars masses, thus their Teff and their evolution are
highly governed by their respective original CO core mass and
the envelope mass after accretion (Saio & Jeffery 2002; Lauer
et al. 2018).
In the future, we will have to focus our observational efforts
along the Galactic disk using northern telescopes. Also, to probe
within the Galactic Centre area, and to examine fainter targets
such as the ToI that compose priority group #4 (i.e., to find and
understand RCB stars that are highly enshrouded), we will have
to use 4m class telescopes. Then, for these highly obscured RCB
stars, due to interstellar or circumstellar dust, the main difficul-
ties will come from the lack of crucial information in the visi-
ble such as the 13C absorption lines, knowledge of the hydrogen
abundance from the CH bands or the Hα line, but also the in-
teresting C2 band-heads between 6000 and 6200 Å. Only the
redder CN band-heads and the Ca II triplet will remain gener-
ally observable. The large dataset of GAIA will in the coming
years be very useful to disentangle RCB stars from other vari-
able stars. The infrared (0.9 to 2.0 µm ) spectroscopic all-sky
survey planned by the EUCLID mission (Maciaszek et al. 2016)
will also be a great help.
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Table 2: Summary of all newly discovered or confirmed Galactic and Magellanic RCB stars
WISE All-Sky WISE-ToI Galactic coordinates Temperature Spectroscopic Light Curve, survey and
designation Id l (deg) b (deg) group ? instrument largest variations observed
New Galactic RCB stars
J110008.77-600303.6 76 289.45754 -0.12330 Cold 2.3m/WiFes
J132354.47-673720.8 90 306.02499 -4.94583 Cold 2.3m/WiFes
J150104.50-563325.1 105 320.12182 1.92522 Cold 2.3m/WiFes Bochum: 1.0 mag variation
J160205.48-552741.6 121 327.72638 -2.05059 Cold 2.3m/WiFes Bochum: 0.4 mag variation
J161156.23-575527.1 124 327.07187 -4.78229 Cold 2.3m/WiFes ASAS-SN: 2.5 mag drop?
J163450.35-380218.5 130 343.92434 6.46016 Cold 2.3m/WiFes
J164704.67-470817.8 139 338.56953 -1.23860 Warm 2.3m/WiFes Bochum: 3.0 mag variation
J170343.87-385126.6 148 346.92365 1.59123 Cold 2.3m/WiFes
J171815.36-341339.9 161 352.38354 1.97860 Cold 2.3m/WiFes
J171908.50-435044.6 1220 344.60551 -3.68706 Cold 2.3m/WiFes
J172447.52-290418.6 169 357.42448 3.75908 Warm 2.3m/WiFes
J172553.80-312421.1 171 355.62021 2.25628 Warm 2.3m/WiFes
J172951.80-101715.9r1 174 14.05807 12.92716 Warm 2.3m/WiFes CRTS: no variation
J173202.75-432906.1 1222 346.20875 -5.42525 Cold 2.3m/WiFes
J173553.02-364104.3 177 352.34341 -2.37032 Cold 2.3m/WiFes
J173819.81-203632.1 1227 6.22662 5.78226 Cold 2.3m/WiFes
J174111.80-281955.3 No Id 0.00465 1.14323 Warm 2.3m/WiFes
J174119.57-250621.2 No Id 2.76109 2.82268 Warm 2.3m/WiFes
J174138.87-161546.4 182 10.37103 7.38144 Cold 2.3m/WiFes ASAS: 0.9 mag (oscillations?)
J174257.19-362052.1 184 353.38413 -3.39531 Cold 2.3m/WiFes OGLE: 8.0 mag (4 drops)
J174328.50-375029.0 186 352.16205 -4.26413 Cold 2.3m/WiFes OGLE: 4.0 mag (2 drops)
J174645.90-250314.1r2 188 3.44972 1.80007 Warm 2.3m/WiFes OGLE: 8.0 mag (2 drops)
J174851.29-330617.0 190 356.79067 -2.75043 Warm 2.3m/WiFes
J175031.70-233945.7 191 5.08443 1.78184 Warm 2.3m/WiFes OGLE: 1 small drop + 1.2 mag recovery
J175107.12-242357.3 193 4.52017 1.28935 Warm 2.3m/WiFes OGLE: no variation
J175521.75-281131.2 1241 1.73524 -1.45559 Cold SOAR/Goodman OGLE: 8.0 mag (5 drops)
J175558.51-164744.3 197 11.66355 4.15326 Warm 2.3m/WiFes
J175749.76-075314.9 203 19.68570 8.14974 Cold 2.3m/WiFes CRTS: no variation
J175749.98-182522.8r3 204 10.47189 2.95757 Cold 2.3m/WiFes
J180550.49-151301.7 209 14.21051 2.86870 Warm 2.3m/WiFes ASAS: 1.0 mag variations
J181252.50-233304.4 2645 7.71430 -2.61157 Cold 2.3m/WiFes OGLE: 1.6 mag (2 drops)
J181538.25-203845.7 220 10.57510 -1.78842 Cold 2.3m/WiFes
J182334.24-282957.1 1265 4.45107 -7.04796 Cold 2.3m/WiFes
J182723.38-200830.1 1269 12.31294 -3.98522 Cold 2.3m/WiFes
J182943.83-190246.2 231 13.54224 -3.97017 Cold 2.3m/WiFes Bochum: 3.0 mag (1 drop)
J183649.54-113420.7 240 20.97746 -2.05850 Cold 2.3m/WiFes Bochum: 5.0 mag (1 drop)
J184158.40-054819.2 249 26.68830 -0.54812 Cold 2.3m/WiFes Bochum: 0.3 mag (small drop)
J184246.26-125414.7 250 20.45347 -3.95830 Cold 2.3m/WiFes
J185525.52-025145.7 257 30.83712 -2.19132 Warm 2.3m/WiFes Bochum: 0.2 mag and
ASAS-SN: 1.6 mag# (1 drop) variations
J194218.38-203247.5 290 19.48694 -20.08972 Cold 2.3m/WiFes CRTS: 8.0 mag (7 drops)
J005010.67-694357.7r4: 5003 303.09311 -47.39506 Warm 2.3m/WiFes OGLE: 6.0 mag (2 drops)
J005113.58-731036.3r5 5004 302.95316 -43.95139 Cold 2.3m/WiFes OGLE: 7.0 mag (2 drops)
J053745.70-635330.8 6005 273.35887 -32.22225 Hot 2.3m/WiFes OGLE: 5.0 mag (3 drops)
J054123.49-705801.8?? No Id 281.60571 -31.22409 Cold 2.3m/WiFes
J054221.91-690259.3r6: 5039 279.36499 -31.35237 Cold 2.3m/WiFes OGLE: 6.0 mag (9 drops)
AAT/AAOmega
J055643.56-715510.7r7 5042 282.57199 -29.91933 Cold/Warm 2.3m/WiFes OGLE: no variation
?: Reported as a likely RCB star based on a brightness drop observed by the ASAS-SN survey Jayasinghe et al. (2017) and
being flagged in (Tisserand 2012) due to its IR colours characteristic.
#: A decline of ∼1.6 mag at JD∼2458000 days was observed by the monitoring survey ASAS-SN (Jayasinghe et al. 2018)
as reported by Stefan Hu¨mmerich (AAVSO URL: https://www.aavso.org/vsx/index.php?view=detail.top&oid=460713)
??: KDM 5651 : previously known candidate RCB (Morgan et al. 2003)
r1: also known as the variable star AC Ser
r2: listed as candidate RCB GLIMPSE-RCB-Cand-1 in Tisserand et al. (2011)
r3: listed as candidate RCB GLIMPSE-RCB-Cand-2 in Tisserand et al. (2011)
r4: also known as [MH95] 580, and GAIA 16aau, a GAIA Alert ATEL http://www.astronomerstelegram.org/?read=8681
r5: also known as RAW 658 in the SMC carbon stars catalogue from Rebeirot et al. (1993)
r6: also known as MSX-LMC-1795 (Matsuura et al. 2014) and OGLE-LMC-RCB-21 (Soszyn´ski et al. 2009)
r7: also known as HV 12862 and KDM 6829
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Table 3: Same as Table2 but for new RCB candidates
WISE All-Sky WISE-ToI Galactic coordinates Temperature Spectroscopic Light Curve, survey and
designation Id l (deg) b (deg) group ? instrument variations observed
New Galactic RCB candidates
J161311.79-503040.2? No Id 332.29137 0.49038 n/a not observed Bochum: 3.0 mag (1 drop)
J164424.53-481205.1 136 337.46936 -1.58860 Cold 2.3m/WiFes
J164433.19-423032.2 137 341.79607 2.11155 Cold 2.3m/WiFes
J164440.88-421522.3 138 342.00320 2.25855 Cold 2.3m/WiFes
J170738.27-431019.7 150 343.92942 -1.60193 Cold 2.3m/WiFes
J172044.89-315031.7 164 354.64091 2.91539 Cold 2.3m/WiFes
J173837.00-281734.5 181 359.73602 1.64518 Cold 2.3m/WiFes
J175136.80-220630.6 194 6.54934 2.36043 Cold 2.3m/WiFes
J180313.12-251330.1 207 5.18282 -1.50019 Cold 2.3m/WiFes
J181316.97-253135.1 218 6.02007 -3.63537 Cold 2.3m/WiFes OGLE: 4.2 mag (1 drop)
EROS2: 2.5 mag (1 drop)
J182010.96-193453.4 223 12.01864 -2.22483 Cold 2.3m/WiFes
J182235.25-033213.2 225 26.47598 4.78381 Cold 2.3m/WiFes
J183631.25-205915.1n1 4117 12.53382 -6.27324 Cold 2.3m/WiFes ASAS: 1.5 mag (2 drops)
J190309.89-302037.1 264 6.44446 -15.64277 Cold 2.3m/WiFes
J191243.06+055313.1 274 40.59924 -2.02375 Cold 2.3m/WiFes
?: named GDS J1613117-503040 in the Bochum survey.
n1: also known as the variable star IZ Sgr. It was mis-classified as a Mira type star by Houk (1967).
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Table 4: Spectroscopic analysis of new RCB stars presenting carbon molecule features: C2 et CN
WISE WISE 2MASS Ca II triplet 13C ? Strength C2 Hydrogen ? Emission Comments
ToI [12] K strength ∼4300, features Hα, CH lines ? (Å)
mag mag ∼6168 Å 600-620 nm.
New Cold RCB stars
76 3.55 8.32 Medium n/a, No Strong No, n/a
90 5.04 8.82 None n/a, No Strong No, No
105 4.41 9.46 Medium n/a, No Small No, n/a
121 4.10 8.54 Medium No, No Strong No, No
124 4.96 9.20 Medium No, No Strong No, No
130 2.22 8.04 Small n/a, No Small No, n/a
148 5.07 9.26 Small n/a, No Strong No, n/a
161 4.68 8.84 Small n/a, No Strong No, n/a
177 2.87 7.86 Medium No, No Strong No, n/a
182 3.22 7.44 Medium No, No Strong No, No
184 3.64 8.50 Small n/a, No Small No, n/a
186 4.46 8.65 Small No, No Strong No, No
203 4.76 8.37 Medium No, No Strong No, No
204 3.10 8.13 Small n/a, No Strong No, n/a
220 7.04 9.72 Medium No, No Strong No, n/a
231 5.34 9.72 Medium No, No Strong No, No
240 3.54 7.48 Small No, No Strong No, n/a
249 3.66 7.56 Strong No, No Strong No, No
250 3.68 8.67 Small No, No Strong No, n/a
290 4.81 8.86 Weak No, No Strong No, No
1220 2.86 8.26 Small n/a, No Strong No, n/a
1222 2.95 9.38 Medium n/a, No Strong No, n/a
1227 4.53 9.91 Medium No, No Strong No, n/a
1241 3.04 8.65 Small n/a, No Small No, n/a
1265 2.84 9.30 Small No, No Strong No, n/a
1269 2.93 9.45 Small No, No Strong No, n/a
2645 5.07 7.95 Medium n/a, No Weak No, n/a
5004 6.72 12.36 Small n/a, No Strong No, n/a
5039 6.41 13.54 Weak No, No Strong No, n/a [O III](4959+5007), Emissions lines observed
Hα,β,δ,γ, [N II](6583), only on the AAOmega spectrum
[S II](6719+6730)
5042 8.65 12.26 Medium No, No Strong No, No Only C2 features observed, no CN
Warm absorption lines also
KDM 5651 8.96 12.75 Strong No, No Strong No, No
New Cold RCB candidates that need further monitoring
136 4.83 9.66 Weak n/a, n/a Small Em., n/a
137 4.66 9.54 Small n/a, n/a Weak Em., n/a [N II](6583)
138 4.76 9.67 Small n/a, n/a Weak No, n/a [N II](6583)
150 4.67 9.14 Small n/a, n/a Weak No, n/a
164 3.41 8.36 Small n/a, n/a Small No, n/a
181 2.99 8.73 Medium n/a, n/a Weak No, n/a
194 2.94 7.57 Small n/a, n/a No No, n/a Na D
207 3.08 7.93 Small n/a, n/a n/a No, n/a
218 6.25 11.07 None n/a, n/a n/a No, n/a
223 1.25 7.27 Small n/a, No Strong Em., n/a Na D
225 3.25 7.95 Weak n/a, n/a n/a No, n/a
264 5.88 10.90 Small n/a, n/a Weak No, n/a
274 1.03 6.33 Small n/a, n/a n/a Em., n/a 2.3m/Wifes featureless spectrum
4117 2.33 7.64 None n/a, n/a Weak No, n/a Na D
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Table 5: Spectroscopic analysis of new Warm and Hot RCB stars
WISE All-Sky WISE 2MASS Ca II triplet Hα ? Warm RCB Comments
designation [12] mag K mag strength abs. lines?
New Warm RCB stars
139 5.43 9.60 Small No Yes+SiII
169 5.54 9.66 Weak small Hα Yes+StrongSiII
171 4.47 9.61 Strong No Yes+SiII
174 6.86 9.70 Weak small Hα Yes+StrongSiII
J174111-28 5.27 9.40 Small No Yes+SiII
J174119-25 6.00 9.89 Medium No Yes+SiII
188 3.99 8.30 Strong No Yes+SiII
190 5.14 9.58 Strong No Yes
191 4.32 8.63 Strong No Yes+SiII
193 5.10 8.67 Strong No Yes+SiII
197 3.19 7.36 Weak No Yes+StrongSiII Possible weak CH feature
209 2.75 7.88 Medium No Yes+SiII
257 5.21 10.14 Medium small Hα Yes+StrongSiII
5003 8.62 12.81 Medium No Yes+SiII
New Hot RCB star
6005 5.55 13.42 None Emission No Many emission lines including He I(5876+6678+7065)
O I(7774,Pcyg.), C I(9050−9100) and C II
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